Here we present the results of a population survey of the black-faced lion tamarin, Leontopithecus caissara, on Superagüi Island, and we extrapolate this estimation to the entire population. We used the linear transect method for surveys of the area from November 2000 to January 2002. When lion tamarins were seen in transects, we noted the perpendicular distance from the path and the number of individuals sighted in a cluster. Using the software Distance 4.0 we estimated a density of 1.79 individuals/km² and a population of 205 individuals (95% CI: 79 -537 ind/km²) on the Superagüi Island. The extrapolation of these results to populations on the mainland gave us an estimate of 187 individuals (95% CI: 72 -489 ind/km²). Our estimate for the total population is 392 individuals (95% CI: 218 -1,026 ind/km²). The lower population density of L. caissara compared to other species of the genus, in combination with its very small geographic range, indicate that it is critically endangered. We also discuss some aspects of the limitations of the linear transect method when densities are extremely low. The Distance 4.0 software suggested a minimum of 30 sightings for a density estimate; but from the sighting frequency in our study this would require 2,489 hours and 883 surveys, not logistically viable.
Introduction
The black-faced lion tamarin, Leontopithecus caissara, was described in 1990, from Superagüi, an island just off the coast in the north of the state of Paraná, Brazil. It was later also found to occur in a small area of the continent, in Paraná and the extreme south of the state of São Paulo, Brazil (Lorini & Persson 1990 , 1994 . Lorini & Persson (1994) found the population of L. caissara to be very small.
From their surveys by the linear transect method, they estimated an overall density of 0.3 groups/km² or 1.5 individuals/km², and a total population of 260 individuals in three separate subpopulations. The largest of these subpopulations, with 121 individuals, was that on the Island of Superagüi, with two mainland subpopulations in the states of Paraná (Guaraqueçaba) and São Paulo (Cananéia). Population density was found to be lower, and the total population and geographic range smaller (approximately 300 km²), than any of the other lion tamarins. As a result, L. caissara is ranked as "Critically Endangered" on the IUCN Red List of Threatened Species (IUCN, 2011) .
Superagüi Island is part of the Superagui National Park, decreed in 1989 with an area of 24,500 ha. The initial surveys were carried out in the early 1990s, and the objective of the present study was to verify the current population size of L. caissara on Superagüi Island. We used the linear transect method and carried out some analyses concerning about the use of this methodology in the censusing of rare species. The fact that Superagüi is the stronghold for this species has considerably influenced investment in the management of the park. As a result of findings concerning the distribution of lion tamarin groups on Superagüi, the size of the park was increased in 1997 to 33,928 ha. Basic quantitative information on the population of this species on the Superagüi Island is crucial to our understanding of its status and viability, and for the future management of the park.
Study area and methodology
Superagüi Island (25°23'40 S, 48°13'09 W) has a total area of 114.59 km 2 and altitudes ranging from sea level to some small isolated hills reaching 245 m. The vegetation includes low coastal scrub and tall forest on sandy soils (restinga and floresta de restinga), some mangroves, and dense large-leafed tropical lowland and submontane forest (Prado, 1999; Schmidlin, 2004) .
The surveys were carried out between November 2000 and January 2002. The linear transect method (Burnham et al., 1980; Buckland et al., 1993; Thomas et al., 2002) was used along 12 trails totaling 37.43 km, the mean length was 3.12 km, and transects ranged from 2.25 to 4.15 km in length. In order to sample all the study area, transects were distributed along the whole island of Superagüi (Figure 1 ). All trails were marked at 50 m intervals to take the geographical coordinates using a GPS. The trails were censused an average of 15 times each (SE = 3.56); all between 07:00 and 16:00 h. The walking speed along the trails was approximately 1 km/hour. In order to make each census an independent sample, we use a minimum of 30 minutes to separate censuses along a trail when going out and returning, as suggested by the linear transect method (Buckland et al. 1993 ). On sighting a lion tamarin group, we took note of the time, the perpendicular distance from the trail of the first animal seen, the number of individuals, age/sex composition of the group where possible, and the name, height and geographical coordinates of the tree in which the individual or group was sighted. No more than 10 minutes were spent collecting the data for each group sighted. Unhabituated animals move away quickly after they perceive the presence of researchers.
Population size and density of individuals were calculated using the software DISTANCE 4.0 (Buckland et al., 1993 . The detection function for L. caissara was fitted by the model Half Normal Simple Polynomial, based on the smallest value of AIC (Aikaike's Information Criterion) and the larger value of GOF (Goodness of fit) (Cullen & Rudran, 2003) . The estimates for the island were extrapolated to the mainland as well, in order to present an estimate of the overall population of L. caissara. Thomas et al. (2001) suggested that a minimum of 30 sightings are necessary for the survey method using linear transects. We estimated the number of surveys and hours spent in the field necessary to attain this number of sightings from the sighting rate we achieved, using the accumulated number of sightings, the distance censused and the time taken in censusing. A power function was fitted to the relationship between number of sightings and distance censused using a non-linear procedure with minimum squares as loss function and in a Quasi-Newton estimation process (Zar, 1999) .
Results
Lion tamarins were sighted 13 times during 575,512 km of censusing (mean = 44.27 km per sighting). The density of black-faced lion tamarins was estimated at 1.79 individuals/km² (95% CI 0.69 -4.69 ind/km²), and the total population for the island (114.59 km²) at 205 (95% CI 79 -537 ind/km²) with a coefficient of variation (CV) of 48.2%. Extrapolating the same population density to the mainland occurrence area (104.28 km² including the Paraná and São Paulo populations) results in an estimate of 187 mainland individuals (95% CI 71.95 -489.07 ind/km²). The estimate for the total population size was 392 individuals (95% CI 151 -1,026.5 ind/km²). The mean number of individuals per group observed on the island was 4.5 (95% CI 3.64 -5.56 ind.).
The relation between the accumulated time spent censusing (in hours) and the number of sightings showed a progressive correlation (Figure 2) . According to the equation of the line estimated from the data in Figure 2 , time spent surveying would have to be 7.56 times greater than was done on this study (2,489 hours) in order to obtain 30 sightings of L. caissara, as suggested by Thomas et al. (2001) .
We conducted 182 independent censuses (including those on the same trail -going up the trail and then back after an interval of a half-hour or more) on the 12 transects. When the number of surveys increased, there was a non-exponential increase in the number of sightings, and, according to the equation of the curve in Figure 3 , it would be necessary to carry out 883 censuses to obtain 30 sightings of lion tamarin groups. 
Discussion
The estimate of 205 black-faced lion tamarins on the island of Superagüi, and our extrapolation of an estimated 187 individuals on the mainland and a total population of 392 wild individuals, has a relatively wide margin of error due to the small number of sightings (n=13) during the censuses. The coefficient of variation (48.2) of the population size estimate reflects the variation between transects (n=12) (Magnusson, 2001) , resulting from such as: i) variation in the structure of the vegetation, ii) seasonality and availability of food resources, and iii) presence or absence of the capuchin monkey (Sapajus nigritus), a possible competitor. The two species were frequently seen eating the same fruits, and the lion tamarins seemed to avoid the capuchin monkeys.
The surveys illustrate a problem with regard to repeat transect censusing as a method for estimating population densities of rare species such as the black-faced lion tamarin. As indicated by DISTANCE 4.0, 2,489 hours of survey ( Figure 2 ) and 883 censuses (Figure 3 ) would be necessary to achieve the 30 sightings necessary to reduce the confidence interval and the standard error to a more acceptable level. It would not be logistically viable. The question is whether 30 sightings are really necessary. We believe additional efforts must focus on research design and event counts, both factors affecting the error of Distance Sampling . The method's accuracy would also benefit from alternative estimations of population density and the incorporation of ecological parameters into models. In this study, we propose novel strategies for population density estimates, including the use of confidence intervals and the use of home-range and home-range-overlap in association with group size.
A mean home range of 250 ha with an overlap of approximately 19%, based in data from four groups studied on Superagüi Island (F. Prado, unpublished data), and an average group size of 4.5 individuals, provides an approximate population of 244 individuals for the 11,459 ha of the island. This estimate represents the environmental carrying capacity (K) of the black-faced lion tamarins on Superagüi Island, and is within the confidence interval of the estimate from the censuses. As such it reduces the maximum value of the population of L. caissara in Superagüi to 244 individuals. The only previous estimate for the Superagüi population, reported by Lorini & Persson (1994) , indicated 121 individuals. Ours, seven years on, is 40.98% higher, and 121 is within the confidence interval for our estimate. It important to highlight that it may also reflect a real increase in the numbers of lion tamarins due to protection in the park and the environmental education program, initiated in 1996 (Padua et al., 2002) .
The population density we estimate for L. caissara on Superagüi is lower than those found for the other lion tamarins. An understanding of density and population size is, of course, a key factor, in future contingencies for the genetic management of the three sub-populations as a metapopulation. However, further research is needed to understand the habitat requirements of L. caissara, and what may well be significant differences in the population dynamics in the subtly diverse vegetation types they occupy in terms of structure and floristic composition, both on the island and on the mainland. Small populations with restricted geographical distributions and low population densities, as it is the case for L. caissara, are more susceptible to extinction, genetic problems, environmental fluctuations and extreme environmental conditions (Gilpin & Soulé, 1986; Soulé, 1987; Lacy, 1987 , Ralls et al., 1988 , Purvis et al., 2000 . The small population and low population density confirm that the black-faced lion tamarin should be considered "Critically Endangered" and given top priority for conservation programs.
